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Flooding, Landslides, Wildfires, Air Pollution, and Income: Risk in California 
Abstract 
California is infamously known for its likelihood of environmental hazards such as flooding, landslides, air 
pollution, and forest fires which can be attributed to the natural climate of the area as well as 
anthropologically influenced climate change. Air pollution also poses potential threats and dangers to the 
civilians of California as increasing populations and uses of fossil fuels continue to contribute to the 
growing issue of climate change. The goal of this study was to examine and analyze the geospatial trends 
environmental hazards in California such as landslides, air pollution, flooding, and forest fires. A weighted 
test, zone and slope reclassifications, and quantified tests were conducted in order to study the effects of 
climate change on risk level in California. It was found that the greatest air quality and fire risk is located 
within Central Valley while fire and landslide risk showed opposite effects. Areas of high environmental 
hazard risk and low income were scattered amongst the state but mainly concentrated in the northern 
and eastern areas of California. 
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)ORRGLQJ/DQGVOLGHV:LOGILUHV$LU3ROOXWLRQDQG,QFRPH5LVN
LQ&DOLIRUQLD
%ULWWDQ\%RQGLDQG$O\VVD.DHZZLODL
*HWW\VEXUJ&ROOHJH

$EVWUDFW &DOLIRUQLD LV LQIDPRXVO\ NQRZQ IRU LWV OLNHOLKRRG RI
HQYLURQPHQWDOKD]DUGVVXFKDVIORRGLQJODQGVOLGHVDLUSROOXWLRQDQG
IRUHVWILUHVZKLFKFDQEHDWWULEXWHGWRWKHQDWXUDOFOLPDWHRIWKHDUHD
DVZHOODVDQWKURSRORJLFDOO\LQIOXHQFHGFOLPDWHFKDQJH$LUSROOXWLRQ
DOVRSRVHG SRWHQWLDOWKUHDWVDQGGDQJHUVWRWKHFLYLOLDQVRI&DOLIRUQLD
DV LQFUHDVLQJ SRSXODWLRQV DQG XVHV RI IRVVLO IXHOV FRQWLQXHG WR
FRQWULEXWH WR WKHJURZLQJ LVVXHRIFOLPDWHFKDQJH7KHJRDORI WKLV
VWXG\ZDVWRH[DPLQHDQGDQDO\]HWKHJHRVSDWLDOWUHQGVHQYLURQPHQWDO
KD]DUGVLQ&DOLIRUQLDVXFKDVODQGVOLGHVDLUSROOXWLRQIORRGLQJDQG
IRUHVW ILUHV $ZHLJKWHG WHVW ]RQH DQG VORSH UHFODVVLILFDWLRQV DQG
TXDQWLILHGWHVWVZHUHFRQGXFWHGLQRUGHUWRVWXG\WKHHIIHFWVRIFOLPDWH
FKDQJHRQULVNOHYHOLQ&DOLIRUQLD,WZDVIRXQGWKDWWKHJUHDWHVWDLU
TXDOLW\DQGILUHULVNLVORFDWHGZLWKLQ&HQWUDO9DOOH\ZKLOHILUHDQG
ODQGVOLGHULVNVKRZHGRSSRVLWHHIIHFWV$UHDVRIKLJKHQYLURQPHQWDO
KD]DUG ULVN DQG ORZ LQFRPH ZHUH VFDWWHUHG DPRQJVW WKH VWDWH EXW
PDLQO\FRQFHQWUDWHGLQWKHQRUWKHUQDQGHDVWHUQDUHDVRI&DOLIRUQLD
.H\ZRUGV *,6$UF*,6&DOLIRUQLDIORRGLQJODQGVOLGHVDLU
SROOXWLRQZLOGILUHVLQFRPHULVNDVVHVVPHQWVDWHOOLWH

,QWURGXFWLRQ
&DOLIRUQLDKDV EHHQ LQIDPRXVO\NQRZQIRULWVOLNHOLKRRGRI
HQYLURQPHQWDOKD]DUGVVXFKDVIORRGLQJODQGVOLGHVDLUSROOXWLRQDQG
IRUHVWILUHVZKLFKFRXOG EHDWWULEXWHGWRWKHQDWXUDOFOLPDWHRIWKHDUHD
DVZHOODVDQWKURSRORJLFDOO\LQIOXHQFHGFOLPDWHFKDQJH$GDPVHWDO
+DUULV0RQWJRPHU\+DQVRQ$LUSROOXWLRQ
DOVRSRVHG SRWHQWLDOWKUHDWVDQGGDQJHUVWRWKHFLYLOLDQVRI&DOLIRUQLD
DV LQFUHDVLQJ SRSXODWLRQV DQG XVHV RI IRVVLO IXHOV FRQWLQXHG WR
FRQWULEXWHWRWKHJURZLQJLVVXHRIFOLPDWHFKDQJH%HQPDUKQLD
&OLPDWH FKDQJH DGGLWLRQDOO\ZRUVHQV DLU SROOXWLRQ DV JURXQGOHYHO
R]RQH 2 IRUPHG WKURXJK UHDFWLRQV IURP VXQOLJKW DQG RWKHU DLU
SROOXWDQWVVXFKDVQLWURXVR[LGHV2]RQHIRUPDWLRQIXUWKHUDFFHOHUDWHG
XQGHUKLJKHUWHPSHUDWXUHVDVZHOO$OOHQ7KHHIIHFWVRIFOLPDWH
FKDQJH WKDW OHDG WR GDQJHURXV QDWXUDO HYHQWV VXFK DV ZLOGILUHV LQ
&DOLIRUQLD RIWHQWLPHV FUHDWHG SRVLWLYH IHHGEDFN ORRSV WKDW OHG WR
ZRUVHQHG FRQGLWLRQV VXFK DV GURXJKW RU LQXQGDWLRQ GHSHQGLQJ RQ
UHJLRQDO FLUFXPVWDQFHV %DUQDUG HW DO  ([SRVXUH WR
HQYLURQPHQWDOGLVDVWHUVZDVDOVRIRXQGWRLQFUHDVHULVNIRUORQJWHUP
PHQWDO KHDOWK GLVRUGHUV VXFK DV 3RVW7UDXPDWLF 6WUHVV 'LVRUGHU
376'DQGPDMRUGHSUHVVLRQ/RZHHWDO(YLGHQFHVXJJHVWHG
WKDWORZHULQFRPHDUHDVPD\EHSXUSRVHIXOO\SODFHGLQORFDWLRQVWKDW
H[SRVHG WKHP WRPRUHHQYLURQPHQWDOGLVDVWHUVDVZHOO DV ORZHUDLU
TXDOLW\GXHWRIDFWRUVOLNHHQYLURQPHQWDOUDFLVPDQGDODFNRISROLWLFDO
FKDQJH(65,DQG*HLOLQJ
7KH JRDO RI WKLV VWXG\ ZDV WR H[DPLQH DQG DQDO\]H WKH
JHRVSDWLDO WUHQGV RI HQYLURQPHQWDO KD]DUGV LQ &DOLIRUQLD VXFK DV

ODQGVOLGHVDLUSROOXWLRQIORRGLQJDQGIRUHVWILUHV:HDOVRFRPSDUHG
WKHULVNRIWKHVHKD]DUGVWRDYHUDJHLQFRPHZLWKLQ&DOLIRUQLDFHQVXV
WUDFWV7ZRUHVHDUFKTXHVWLRQVZHUHLQTXLUHGLQWKLVVWXG\:KHUHLQ
&DOLIRUQLD ZHUH SHRSOH H[SRVHG WR PRUH HQYLURQPHQWDO KD]DUGV"
$GGLWLRQDOO\ZHUH&DOLIRUQLDDUHDVZLWKORZHURYHUDOODQQXDOLQFRPH
PRUHH[SRVHGWRHQYLURQPHQWDOKD]DUGV"
0HWKRGV
,Q RUGHU WR DQDO\]H ULVN RI HQYLURQPHQWDO KD]DUGV LQ
&DOLIRUQLDRQDFHQVXVWUDFWVFDOHZHIROORZHGPRGLILHGPHWKRGVRI
&DUYHU7ULFNHUDQG/DQGUHV E\FUHDWLQJUDQNVDQGZHLJKWVRI
TXDOLWLHVWRFUHDWHDYLVXDOUHSUHVHQWDWLRQRIDFHUWDLQFKDUDFWHULVWLFV
RI WKH HQYLURQPHQW ,Q RUGHU WR JHW D KROLVWLF SHUVSHFWLYH RI
HQYLURQPHQWDO KD]DUG ULVN ZH TXDQWLILHG WKH ULVN RI DLU SROOXWLRQ
VSHFLILFDOO\ R]RQH DQG SDUWLFXODWH PDWWHU H[SRVXUH ODQGVOLGHV
IORRGLQJ DQG ILUH E\ DVVLJQLQJ VSHFLILF SURSHUWLHVRI WKHKD]DUGV D
ULVNUDQNLQJ IURP  VPDOOHVW ULVN WR  KLJKHVW ULVN 7R ILQDOL]H
RYHUDOOKD]DUGVULVNZHGLGDZHLJKWHGRYHUOD\DQDO\VLVFRPELQLQJ
WKHIRXUHQYLURQPHQWDOKD]DUGV)LQDOO\ZHFRPSDUHGLQGLYLGXDODQG
RYHUDOO HQYLURQPHQWDO KD]DUGV ULVN WR LQFRPH WRGHWHUPLQH LI WKHUH
ZDVDUHODWLRQVKLSEHWZHHQULVNDQGLQFRPH
7R TXDQWLI\ IORRG ULVNZH UHFODVVLILHG WKH IORRG ]RQHV RI
&DOLIRUQLDDQGDVVLJQHGWKHPDULVNUDQNLQJIURPWR7DEOH)RU
WKH ILUH TXDOLW\ ZH GLUHFWO\ XVHG WKH ILUH WKUHDW UDVWHU IURP WKH
&DOLIRUQLD )LUH 5HVRXUFH $VVHVVPHQW 3URJUDP )5$3 WKDW ZDV

DOUHDG\ FODVVLILHG LQWR ILYH FODVVHV EDVHG RQ VHYHULW\ RI ILUH WKUHDW
7DEOH
7RTXDQWLI\ODQGVOLGHULVNZHILUVWUHFODVVLILHGWKHVORSHRI
&DOLIRUQLDLQWRDULVN UDQNLQJ7DEOH7RDFFRXQWIRUWKH LQIOXHQFH
RI VRLO FRPSDFWLRQ DQG VWDELOLW\ ZH UHFODVVLILHG HDFK ODQG
FODVVLILFDWLRQLQWKH1DWLRQDO/DQG&RYHU'DWDEDVHLQWRILYHFODVVHV
7DEOH%HFDXVHZLOGILUHV ORRVHQVRLODQG LQFUHDVH ODQGVOLGHULVN
0RQWJRPHU\  ZH XVHG WKH RYHUDOO ILUH ULVN DV D TXDOLW\ RI
ODQGVOLGH ULVN 7R JHQHUDWH D KROLVWLF ODQGVOLGH ULVN FKDUDFWHU ZH
FRQGXFWHGDZHLJKWHGRYHUOD\DQDO\VLVJLYLQJERWKVORSHDQGILUHULVN
DZHLJKWRIEHFDXVHDODQGVOLGHLVGHSHQGHQWRQVORSHDQGILUHV
FDQVLJQLILFDQWO\ LQFUHDVH ODQGVOLGHFKDQFHV:HJDYH ODQGFRYHUD
ZHLJKWRI
7RTXDQWLI\ULVN WRH[SRVXUHRIDLUSROOXWLRQ LQ&DOLIRUQLD
ZH TXDQWLILHG WKH ULVN RI H[SRVXUH WR ERWK R]RQH DQG SDUWLFXODWH
PDWWHU30 PLFURQV2]RQHDQGSDUWLFOHSROOXWLRQZHUHVHOHFWHGDV
WKHWZRLQGLFDWRUVRIH[SRVXUHWRDLUSROOXWLRQGXHWRWKHLUGLUHFWDQG
VHYHUH HIIHFWV RQ KXPDQ KHDOWK JURXQGOHYHO R]RQH FDQ OHDG WR
UHVSLUDWRU\GHILFLHQF\DQGDVWKPDZKLOHSDUWLFXODWHPDWWHUFDQFDXVH
DQLQFUHDVH LQ KHDUWDWWDFNVDORQJZLWKRWKHUGHFUHDVHGOXQJIXQFWLRQV
(QYLURQPHQWDO3URWHFWLRQ$JHQF\:HDVVLJQHGERWKR]RQH
DQG 30 D ULVNUDQNLQJ EDVHG RQ WKH DPRXQW RI HDFK LQ D GDLO\
PD[LPXP KRXU SHULRG 7DEOH 7DEOH  :H WKHQ FRQGXFWHG D
ZHLJKWHGRYHUOD\DQDO\VLVRIWKHVHWZRSROOXWDQWVJLYLQJHDFKHTXDO
UDQNLQJGXHWRWKHLUKLJKFRVWWRKXPDQKHDOWK

7R TXDQWLI\ WKH RYHUDOO ULVN RI HQYLURQPHQWDO KD]DUGV LQ
&DOLIRUQLD ZH FRQGXFWHG D ZHLJKWHG RYHUOD\ DQDO\VLV RI DOO IRXU
HQYLURQPHQWDO KD]DUGV 6SHFLILFDOO\ZH JDYH ILUH ULVN DZHLJKW RI
EHFDXVHRIWKHKLJKZLOGILUHIUHTXHQF\RI&DOLIRUQLDDQGIORRG
KD]DUGDZHLJKWRIEHFDXVHWKHVHPLDULGFOLPDWHUHVXOWVLQOLWWOH
SUHFLSLWDWLRQ WR FDXVH PXFK IORRGLQJ %DUQDUG HW DO 
0HDQZKLOHZHDVVLJQHGERWKODQGVOLGHULVNDQGDLUSROOXWLRQULVND
UDQNLQJRIDVWKH\DUHVXEMHFWWRFKDQJHEXWVWLOOKDYHDUDWKHU
LPSDFWIXOLQIOXHQFHRQWKHQDWXUDOGLVDVWHUVWKDWFRXOG RFFXUZLWKLQD
JLYHQDUHD%DUQDUGHWDO
,QRUGHUWRDQDO\]HWKHUHODWLRQVKLSEHWZHHQVRFLRHFRQRPLF
FODVV DQG HQYLURQPHQWDO KD]DUGV H[SRVXUH ULVNZH XVHG*HR'D WR
JHQHUDWHDVWDQGDUGL]HGVFDWWHUSORWRILQFRPHYHUVXVRYHUDOOQDWXUDO
KD]DUGV ULVN ZLWKLQ WKH &DOLIRUQLD FHQVXV WUDFWV :H VHOHFWHG WKH
FHQVXVWUDFWVZLWKERWKDYHUDJHWREHORZDYHUDJHLQFRPHDQGDYHUDJH
WR DERYHDYHUDJH QDWXUDO KD]DUGV ULVN VR WR HYDOXDWH VSDWLDO
GLVWULEXWLRQRIKLJKHUULVNSRRUHUDUHDV:HDOVRFUHDWHGVFDWWHUSORWV
RIHDFKRIWKHIRXULQGLYLGXDOHQYLURQPHQWDOKD]DUGVLQFRPSDULVRQ
WRLQFRPHWRFORVHO\DQDO\]HDQ\SRVVLEOHFRUUHODWLRQVEHWZHHQHDFK
RIWKHKD]DUGVWRLQFRPHWKDWPD\DIIHFWWKHRYHUDOOUHODWLRQVKLS
5HVXOWV
7KHVHYHULW\RI IORRGULVNYDULHG WKURXJKRXW&DOLIRUQLDDV
WKHJUHDWHVWDPRXQWRIULVNOLHVDORQJDYHUWLFDOPHGLDOOLQHRIWKHVWDWH
IURPWKHFLW\RI5HG%OXIIWR5RVDPRQGZLWKLQ&HQWUDO9DOOH\7KH
ORZHVW DUHDV RI IORRG ULVN WHQGHG WR FOXVWHU WRJHWKHU VXFK DV WKH

VRXWKHDVWHUQUHJLRQRI &DOLIRUQLDDVZHOODVVHYHUDODUHDVDORQJ WKH
QRUWKHUQDQGHDVWHUQSDUWRIWKHVWDWH)LJXUHD$UHDVDURXQGWKH
&HQWUDO9DOOH\EHWZHHQ5HG%OXIIDQG5RVDPRQGDVZHOODVSDUWRI
VRXWKHDVWHUQ&DOLIRUQLDZHUHOHDVWOLNHO\WREHLPSDFWHGE\ODQGVOLGHV
DQG ILUHV)LJXUHEF7KHJUHDWHVWDLUTXDOLW\ULVNZDVORFDWHG
ZLWKLQ&HQWUDO9DOOH\DQGWKHDPRXQWRIULVNJUDGXDOO\GHFUHDVHG LQ
DGMDFHQWDUHDV)LJXUHG
,QUHJDUGWR RYHUDOOHQYLURQPHQWDOKD]DUGULVNVWKHDUHDVRI
WKHORZHVWDPRXQWRIULVNLQFOXGHG UHJLRQVRIVRXWKZHVWHUQ&DOLIRUQLD
DQGDVPDOOQXPEHURIQRUWKHUQDUHDVDWWKHQRUWKHUQHQGRI&HQWUDO
9DOOH\ )LJXUH7KHHDVWHUQHGJHRI WKHYDOOH\DQG WKHVRXWKHUQ
DUHDVRIWKHVWDWHKDG WKHKLJKHVWRYHUDOOQDWXUDOKD]DUGULVNV)LJXUH
7KHUHZDVQRWDFOHDUVSDWLDOSDWWHUQRIFHQVXVWUDFWVZLWKDYHUDJH
WRDERYHDYHUDJHULVNDQGDYHUDJHWREHORZDYHUDJHLQFRPH)LJXUH
 7KHUH ZDV QRW D FOHDU UHODWLRQVKLS EHWZHHQ DQ\ LQGLYLGXDO
HQYLURQPHQWDOKD]DUGULVNDQGLQFRPH)LJXUH7KHUHZDVDOVRQRW
D FOHDU UHODWLRQVKLSEHWZHHQRYHUDOO HQYLURQPHQWDO KD]DUG ULVN DQG
LQFRPH)LJXUH
'LVFXVVLRQ
)ORRG ULVN DQG DLU SROOXWLRQ ULVN ZHUH KLJKHVW DURXQG WKH
&HQWUDO9DOOH\ UHJLRQ )LJXUHD G)LUH ULVNDQG ODQGVOLGH ULVN
ZHUH ORZHVW LQ WKLV UHJLRQ )LJXUH E F 2YHUDOO WKH DUHDV LQ
&DOLIRUQLDZLWKWKHKLJKHVWQDWXUDOKD]DUGULVNERUGHUHGWKH&HQWUDO
9DOOH\UHJLRQ)LJXUH 7KHUHZDVQRWDFOHDUUHODWLRQVKLSEHWZHHQ
LQFRPHDQGDQ\RURYHUDOOQDWXUDOKD]DUGULVN)LJXUH )LJXUH

7KHUHGLG QRWDSSHDUWREHDFOHDUVSDWLDOSDWWHUQRIDUHDVZLWKDYHUDJH
WRDERYHDYHUDJHKD]DUGVULVNDQGDYHUDJHWREHORZDYHUDJHLQFRPH
)LJXUH
2XUUHVXOWVFRXOG EHJHQHUDOO\H[SODLQHGE\WKHWRSRJUDSK\
RIWKHUHJLRQ7KH&HQWUDO9DOOH\IRUH[DPSOHZRXOGKDYHKDGDKLJK
IORRGULVNGXHWRLWVIODWHOHYDWLRQ&DOLIRUQLD3K\VLFDO0DS,WV
IODWHOHYDWLRQDOVRH[SODLQHG WKHORZODQGVOLGHULVN$GGLWLRQDOO\WKH
&HQWUDO9DOOH\ZDV TXLWHGHYHORSHGPLQLPL]LQJWKHQXPEHU RIVKUXEV
WUHHV DQG JUDVVODQGV WKDW FRXOG KDYH RWKHUZLVH KDG KLJK ILUH ULVN
+DQVRQ  ,Q FRQWUDVW KLJK ILUH ULVN DUHDV ZHUH FRPSRVHG RI
PRUHJUDVVODQGVDQGVKUXEVWKDWFDXVHG DSRVLWLYHIHHGEDFNHYHQWRI
ZLOGILUHV +DQVRQ  )LQDOO\ WKH PRXQWDLQV VXUURXQGLQJ WKH
&HQWUDO9DOOH\FRXOG WUDSJURXQGOHYHOR]RQHDQG30ZLWKLQLWV
ERUGHUV,UFHOLQH 7KHUHZDVOHVVDLUSROOXWLRQULVNDORQJWKH
ZHVWHUQFRDVWGXHWRWKHVWUHQJWKDQGKLJKIUHTXHQF\RIFRDVWDOZLQGV
ZKLFK SXVKHG DLU SROOXWLRQ HDVWERXQG $GDPV HW DO  ,Q
UHIHUHQFH WR RYHUDOO ULVN WKH UHODWLYHO\ KLJKHU ZHLJKW RI ILUH ULVN
DQGUHODWLYHO\ORZHUZHLJKWRIIORRGLQJPD\H[SODLQWKH
KLJKULVNLQWKHDUHDVVXUURXQGLQJWKHFHQWUDOYDOOH\DQGWKHORZULVN
ZLWKLQ LW:LWK ODQGVOLGH ULVN DOVR LQFRUSRUDWLQJ ILUH ULVN ILUH ULVN
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